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PROJECTING ALIGNER 



ABSTRACT : PROBLEM TO BE SOLVED: To compensate the rotary asymmetric deviation of image 
and eccentric astigmatic aberration remaining in a projection optical system due to a 
manufacturing error and an assembling error at any time. 

SOLUTION: A projection optical system PL is provided, in order from a first object side, 
with a first lens group of a positive refractive power, a second lens group of a negative 
refractive power, a third lens group of a positive refractive power, a fourth lens group of a 
negative refractive power, a fifth lens group of a positive refractive power and a sixth lens 
group of a positive refractive power. The projection optical system is provided with optical 
members T1 -T3 composed of at least one lens integrally tiltable to the optical axis in the 
first lens group and the second lens group and, by tilting the optical members to the optical 
axis, the rotary asymmetric deviation of image position or eccentric astigmatic aberration 
remaining in the projection optical system is compensated. 
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^#5^ (10) «TRB<i*T0&k , §16 U^fJft 
t ff l ft ftli^- yXmcrXEMSfrt) tm < '9 & 

r*<0T*F*L<55rv\ (io) ?)±mm*:±m 

■6 k. ff 6 u yXg^g ff l MtMco V vXWn jES 
Jff 7J < ^ '9 $ &"^> ^> a -7J|XH*^ § < S 
iOT *t 4 L < * «r > . ^ > 3 ^JRH^.)ffe4 £ $ 6 
(Citprl &7t*>CW\ ^fr^ (10) ^TRRtlt 0 . S 4 

[0027] 4^. *»!Btc*5V^I4. ac^fetts^ ( 1 


[0023] ( 7 ) OTKffiSrTEli k , &mft 

zp'Zkom 1 ftftitWfUt >- b >J -y 7 tt*«^*l(Cj«i-L 

9! l H#»tt*»fl©W« i k -C**»c» 2 ft*±(: 
t^-tl>ik» { ll^k^^i7)t1ff4t< : 5r^o 5 5r«. 
1 ft#<7)3tt4*[6]«0-f titcjBH-^ Z>iS&<Vg.W)MJ : lZT 
^.h-y 3 y<?^Sfi * $ h tzRmzWz. h tzmz\t . 
^ft- ( 7 ) tf>TR«S: 1 • 7 itSlWfi U\ £ 

SUZMfci Vt-' <^Hv3 >-*r^(C^<5 y^K ^tiE 
i-*fc«>t:(4. ##5£ (7) tcJtBHis&lftJgU, -c^fl 
£6. Sk-f&Clk^'ifil-fo 
[ 0 0 2 4 ] *fKBtlt>V^Tt±. SB 2 VyXM* 

e>m-}j\syX<n%i l ftMffljoiB^ft^fl^ r 2Ff k 

L . >'Xcom 2 ftfc{i?)ffi<7)fW¥fl £ r 2 , t k 

-T-i.k§. <Xc7>^ft5t (8) ZffiJl-?&Zbi)W£L 
^> 

Ff +'"2Fr )<5. 0 (S) 

1) Srjpta-Tftik^lfiHr^ 

Ofif 2K /f 2R <1 S (11) 

(11) -cli. |g2^>'XS¥'fOf^U->X<7)« 

^jESt f 2 r k m 2 v- y xti&wmn \s yx?mj?sm. f 

„ko«i«rJfc*ia^brv^. *ft-5* ( l 1 ) »T 
Kffltfe il^±l»ttt*RR^$ii^aSBBSrifilKt-* k . 1 
>-Xp.% -5, 1 »{4IW 3 ^ >-Xpi7)gflf SJ W« 7 >-X*rjl| 
*U f^h- >'3>«r^t(cffliE-t?.Ck. ft4i^4 
^ y >yvs-;^k^^.iRSk 2r|l|B#(cm*7tCfi|jiE-r«. CI 
k ^'aii k 4' l> tl<^\ 
[0028] B#W(ct±, Kf^^ *rfitfiSclJ" ^> # 1^ >' 

J: k* J S14 U\. ff 1 ^vXIStiJV^T 

JS^T-f * I— v 3 >-^(CR£f)ffc®i!XS^^€rJfP 
i^^^^iSS-yr^tcii:. ff 1 \sVXffiW1l< k t 
2^iEP>-X*r^-tS-k^*i!S : 4 L^. £.tzl ff 31^ 

jrpx.S«lig^«^-^«»tc(4. ff 3]/yxm&&*< k 
^3t^ZE^>'X$r^-r^^k^'*F4L^. $^>(C ff 
4 lsyXmzWX*< -y •y.^'-/l--fti*:ffiIEL'Oon-7itZ 
Hc7)^4rjrp^?.tSBlj£^»$^?.(-t4. ff 4 lx>-X?¥ 
A i '^< k t stfu^m-yx^'t^z bWftt 

[0029]47t.ff5 L.'>'XS(Ci5V>-C ftcOr ^ h 

— v 3 > toX immtRm^M± t n l * tuts sr aw $ * 
s tcti, ff 5 u yxi¥*^ < k 1 yxtt 
•thc\>mtti^\ hc, ff 5u->-xsNc*Hv<:m 

Of ^ h - y 3 >' k ^ y <— k 5rt#IE-r -2. HSli 

s-^yf tnt*cti. ff 5 i^>-xi¥*^-< k 1 1 
vyxz^-t&rt-im&ivK ttz. meyyxmz 

feivCSifiJIJatfc:** <^*-y:^->J; :Wcff2ft*± 
* 4 K14 . ; <7.)ff 6 U- >' Xf¥*^ < k 1 1 


(7) 


ISBUT 10-133105 


[ 0 0 3 0 1 tti* Ufc i 3 C. 5ft«St*J J:L f « 

c^frsS; (12)«i^(13) tMft-f 

0. 1 7 0<hO (12) 
hi /4><0. 3 5 (13) 

C00 3 13 :;t. 

h 0 : SSI «tffc±aftttM*JI0£*> h e>±XMW&!& 

tmm-t t wwatspaw ( issgcw > >- xa (-a 

h 1 : m 1 ^l*±^**±^.^ »?>^*cfcBBPa 5r & 
-f&ttaAWff, &&^ti§5 1 ift*±<!Ott±.Wl^*»^<0 

^^^ft* (12)8W(1 

3 ) - 1 c «t o . «*xk**** < n£ 

[00 323 *^BB^M<5!l5r, a&WHBifc*"2<'>"Cltt 

p l*> v yxm^^tmxh i , Hi k*s 
*Wjasii^s»«Rk ixw+tfr*. (mi Vafo) 

ffSMZtitti 0 , tMW^SRP LOfRBBfcttflafcttaS 

T fc 0 , *?xy xwiiSBW^SR P L SHfe* A x CiM 
BSrtC tJ i >T 2 #7cQtyc^iW!&<::fiJ& $ fufc * XV yt. 
t- > : w S _t(Cffitft3*V7 «r . 
[00 3 33 4fcs ]s-f-9JUR0)±Ji£.li. \sj-7>lR 

4 , !H9&&¥£K I S05rtSCeti . fek itf i tt(365n 
m) iHfcg&tft'f 4*ff<7>r^J: 3^ii* J iEffi§ii 

;t-R £ h3bb t . an**** p l ott&s ( mats o a s 


[ 0 0 3 4 3 * L/C , El 1 tip L M«J: & 
(7?l- U V/77^Ig) ? xy n 

^j-Sr r^* -t S x y f - >• ^jxg, x y f - ysrcOXffikco 

llSS®(:'7xy\*lTJ(fiTL.-C^- y7 1 ft-r^^W ^>'^. ^ 
at^WJC^Vv-f Xfc LT^4^f*^M (LSIf) 

ISC i^t, t VX , M H B e ^ 

*^ . »M^^ -v H . imm^r (CCDf) StMjS-T 

[00353 02 k . tsr^^p L<i, m 

1 ^ i: L Xcr> V- -f- 7 A R fflj* 1 If.tc s iE^O® JJf .7] 2r ^ 
■TiltlpyXBG, k. mwgtJrTJ^-r&fi^U-y 
XPG 2 IE^®t)t7]*^-r^^3^>'XS¥Gj : 4:. 

qfr-tiSSSP^XSfGs IEO®JJf7j*wr4IS6i- 

V^TUKWt-f-H: >' 'J v ^Tft 0 . <B'M»Sr*"*- 

4. 

[0 03 63 Kiuy^BG, ftfrfflj&^JHtc, 

flra2rrsj«t^CiP->'XLi 2 i: , WifcMlzW^&imfM 
2- rfijf 2 f 4CiOMCi >'X L, $: J; L K ' L 1 4 i: ^>1f Bit $ 

<tr^&. ^2i^>'Xsg 2 m^mmznm^ix 
tzMwuyXL-tf (mio^yx) t. mi>mmizw.m.z 

TiVyX) t . mmis yxi. 2f tn* ~xt *uy-XL 
2R t or B i(:ie^$n-c mc7)suf73 *^~?&*mv- yxm 

„, (w-i^yx) immz&\,wmcowz\*iftfcmw 

UyXL n2 (SS2U->'X) !|fj#«|tC%V>|tt^)jiiSr 
|6]{tJtWDfll'>-XL n s (f£3UyX) bfrbffi&LZiVX 

[0 03 73 fS3k>'X|¥G 3 li. t«3f*iR!l*» tf. 
die® t [6] (t3t 2 ft^)jEX x^. ij X V >'XL 

$ i*JiVL $t k. MejW->-XL gs i:, ttttcflCaii'^A^ 
i7)ffi$r[6l(t7tMCi^>'XL s , i: , Jft«cWK3fiV-»ftsfs«0li 
sr l«](t/^jE.X x.x^? .x V- yXL s 5 .h *»^>^BS; $ ilT i- '» 

^41^^X1SG 4 t±, HifMI^^NUc. # t JllcD!M 
S'[6]{t3t2tft:^)fi^<xx^xi^yXL4,fcJ:?y f L 42 t . 
!B)frffl!)(c[H15B5rl*I^*.> < x.7.*.7 x U'>XL4g i: , m\Si 


<1 

(S) 


nm^f- 1 0-1 33 1 05 i 


u->-xl 44 > . mtmtztimzftii-tt^-xtxuy 

XL 45 b . ^(*li(ciaMSr(6](t^ia3[H]U >-XL 4e i:7>^ 

[0038] IS 5 W>-XJfG 6 (3\ ^*|B)J*^]IHC S & 
(HiJ(Ci!i®$r[S](t7t 2f5c<7«dl]l- >-XLr,, fcct^'Lr,, h . 

« 2 t£<OIE.X -X # X P xX U. e . & X l e L 57 b . KMC 
Gam* flWi*.* -x#xu- >x L &8 > j&»&«MtSiv£ 

S56W>'XWG 6 (1. ttfWM*»6l«fc:, 
«}:D5*^ffi^iaS:l J »]<t^Mi!il' >'XLe, i: . tltfrlfflt: 

tz , IE.* —X # X y X L 5 6 > MUD U >' X L, e i: 

[00 39] StX0 1 & t . &Bft&&P UZ 

•s-ofs i itmim t ix i *?as«T i . %mzn 
i-x-w-mzmw f&cma v >■ x l, , t$ x vma v >- 
xuzi^m2%nms!m> ix^m2±^mr2 . 

MM V xXL 2F 5 *tf SI 3 fflSEfflW t Lt^3 ft^giS 

wt 3 mm hux v „ * i ftwttr i . m2%& 

X, *l#¥i^Tlfc»2#3*SOTT2k«HL *f?2 
2 1 M? 3 ft^gPW T 3 b OfSl . SR 3 ft^gfltt 

(DEI ~D E 3 ) A s I&t4>ilT^£« 

[004 0] L^j^oT. SSl^fflSWTl £SI23£^ 

aWT 2 i; (D^mmm^D e i aflUBc j; o . m 1 # 

sjsgCtt T 1 tcrttfu ^X ti* ^ -x * x yX L , , /at 
l/CflWW - *. SS23KajCffl!«T2fc* 

s^srarr 3 1 nmnmmm^D e 2 ^ffltct 0 . 

jBl^gGttTl t^27t^gnWT2i:J , /t>^T(ift^ 

- x uyXL u b ma u- yXL, 2 1 ffifl u- >x l , 3 
b tflcmiztt LX -itmzWM-tZ . 3 rfc^ 

an* t 3 b x 4 y§mw b oMowrnm=r d e 3 <n im 

izXD. SlJfe^MTl b&2X&%mT2bm3ft 
■^mt T3b //U^Xim^ -XX X]syXLnk MR 
V >X L 12 b WCi V yXLj g b MCs V >-XL, , b Wmv 
yXL 2F fc astute** LT— *«{c««-*"ft. ■f'Sr^ 

*>. *ittiffii"c«. ii3i»«rTi, *2**a»fT 

2 i5«k t f SS 3 3t^»ttT 3 * -ciL't-iL^iC^ IT Sfci 

[004 1 ] iXwm ( 1 ) C, at«ltWC*i»t*a«3l£ 
^PLO|f7C^)(i$r}S{f4, ^ ( 1 ) (Cfct»T. 
i^BP^tiftfrfli < Uf-^^RH) frt>f)&l- yXM?.m 
/far, r{i#^>-.XBD(7.)a^fS2r, dti#U>-.XflS|S| 


PraSr . n Jil5*ttft P. = 3 6 5 n rn (C*f-f & EFr^Sr^ 
LT^2. *Jt:. d 0 liMl^f*: ( V-^il-R ) 
1 W->-XS¥G, iOatftHcWI (U-^^;URffiS) ai/^x 
® £ TWULUBtSr , /3 P LnmrnrZ 

r . Bf tilgbk^XPGe (">X/\W«) 

NAtm^^PLCOfMll (^^.nWlBl|) tzfctt&M 

LTV>4<. 
[0 04 2] 


QMcrw-m- ✓ to >iini^in«;A .i ^ 
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do 

= 94.97557 



40 

360. 75541 

3. 46004 



= 1/5 



41 

395.41239 

33. 29191 

1.53627 

NA 

= 0.57 



42 

-229. 24043 

0. 50000 


B f 

= 22.68864 



43 

405.02177 

21. 76952 

1.53627 

L 

= 1100 



44 

-1456. 27300 

0. 50000 



r 

d 

n 

45 

334.62149 

34.87065 

1.53627 

1 

758. 59372 

18. 01962 

1. 66638 

46 

-316. 02886 

8. 19653 


:2 

273. 07409 

8.00000 


47 

-226. 66975 

20. 00000 

1. 66638 

'.3 

407. 25600 

34.43806 

1. 53627 

48 

-421. 19119 

0. 50000 


4 

-305. 98082 

0. 50000 


49 

245. 00959 

27. 62592 

1. 53627 

5 

200. 00000 

36. 31512 

1.53627 

50 

-6478. 64400 

0. 50000 


6 

-950. 89920 

0. 50000 


51 

118. 64887 

24. 82664 

1. 53627 

7 

251. 35670 

36.00000 

1.53627 

52 

182.84804 

0. 50000 


g 

-1111.20100 

5. 00000 


53 

106. 97354 

29. 80517 

1.53627 

9 

-3000. 00000 

13.00000 

1. 66638 

54 

305.86346 

2. 86446 


10 

103. 53326 

19. 34714 


55 

330. 12685 

13.00000 

1.66638 

11 

583.43731 

21. 86239 

1. 53627 

56 

65. 69252 

7.67289 


12 

-202. 73262 

3. 71513 


57 

76. 63392 

29. 80077 

1.53627 

13 

-389. 07550 

13. 00000 

1.53627 

58 

-405.45793 

2.41289 


14 

118. 39346 

25. 82991 


59 

-314. 04117 

20. 42250 

1. 53627 

15 

-119. 29984 

13. 00000 

1. 53627 

60 

1180. 34000 

(Bf) 


16 

228. 68065 

35. 35939 






17 

-118. 78231 

15. 61439 

1. 53627 





18 

-2000. 00000 

15.00000 






19 

-534. 21970 

30. 58806 

1. 53627 





20 

-172. 96367 

0. 50000 






21 

-3045. 95900 

30. 55054 

1. 53627 





22 

-252. 31005 

0. 50000 






23 

787. 95642 

31. 33960 

1. 53627 





24 

-470. 11486 

0. 50000 






25 

429. 05519 

31. 10739 

1. 53627 





26 

-1033. 56100 

0. 50000 






27 

276. 54228 

29.82671 

1. 53627 





28 

3383. 80700 

0.50000 






29 

200.56082 

25.00000 

1. 53627 





30 

149. 82206 

51. 17799 






31 

191. 38232 

25.00000 

1. 53627 





32 

122. 34204 

25. 15581 






33 

-276. 65501 

13. 00000 

1.66638 





34 

-597. 90043 

9. 14516 






35 

-190. 18194 

13.00000 

1. 66638 





36 

360. 79756 

3. 75310 






37 

434. 45763 

13.00000 

1. 53627 





38 
39 

643. 56408 
-951. 39487 

31. 17056 
20.00000 

1. 66638 






( 1 ) f , /L = 0.129 

( 2 ) f , /L =-0.0 30 

( 3 ) f 3 /L =0.106 


(10) 


0-1 33 1 0 5 > 


(4 ) f 4 /L 

(5) f, /L 

(6 ) f e /L 
(7) I/L 

( 8 ) ( r 2P f - »-£Fr > / < r 2Fi + »' 

( 9 ) d te /L 

(10) d 6 /r 6F 

(11) f JF /f « 
[0043] LKiSWCGl-n T'^ 

-r^>-X|f^^f|feiC«LT 0 . 0 1 ' JflfffilSrS-fcfcfc 

m> £ifc<DSI ( 2 ) (C5frt< * ( 2 ) (C*5WC, Gl-n 
li. *i mi#SOft^-x^xuy 

XL, j A»/b»n#B<^)UyXS?<?5L'>'^l¥Sr^LTV > 
I) . £ fz . fcAJ&SMMt '.J r -f *ivHH0>#M!URft 
Sr . lb&R£l S f±^^ra^K£JRS Sr iveft* L 

tv>&. s^ta-TWA. gift*i»ft.*aftis^. 


=-o. 
= o. 

= 0. 


0 7 0 
0S0 
14 3 


2Fr 


) = 


2.02 
1.07 


= 0. 
= 0. 
= 0 


0 0 7 
983 
6 3 5 


t m 1 M*±nm±%fom<?\$frhn±ftWm 2 ftft 
'saJH" ft £K k Ofd fc . SB 1 ft f*±^.>a*ftttS5?> 
^^iOfc^PR^TIWiaia^lB 2 ftf*^7,3*-fft& 

aiksi ft ttbaftfc»ttffi*x«£a> c)±itmi}>m i ft 

tt'sAItf ft iiM t Wilt OfiSftTCA ft . Ltztf-> 

-?*w>«b&* *T* ft -rJDMfa^**.-*-* Z 

ktc&ft. 
[0044] 
[*2] 



M-dist 

S-dist 


S \ ✓ i h ft I<^* * — 1 — - 



Gl-1 

0.95 

0.24 

-1.18 

-0. 37 

-0.81 

0.49 

Gl-2 

0. 11 

0.06 

0.11 

0.10 

0.01 

0.09 

G 1-3 

-0. 21 

-0.01 

1.40 

0.55 

0.85 

-0.43 

Gl-4 

0.66 

0.20 

1.29 

0.52 

0.77 

-0.42 

Gl-5 

0.21 

0.21 

-1.03 

-0.32 

-0.71 

1.12 

Gl-6 

0.51 

0.1S 

-1.42 

-0.37 

-1.05 

1.07 

Gl-7 

-0.24 

0. 12 

-2.7S 

-1.12 

-1.66 

3.45 

Gl-8 

0. 10 

0.12 

-5.33 

-3.41 

-1.92 

S.2S 

Gl-9 

-0.44 

-0.38 

-3.42 

-4.97 

1.55 

10.44 

Gl-10 

0.2S 

0.12 

-6.34 

-4. IS 

-2.16 

10.17 

Gl-11 

0.73 

0.45 

-6.25 

-2.70 

-3.55 

4.95 

Gl-12 

1.23 

0.74 

-4.70 

-1.09 

-3.61 

-4.94 

Gl-13 

2.15 

1.11 

-4.49 

-0.31 

-4. IS 

-14.52 

Gl-14 

3.77 

1.66 

-7.53 

-1.05 

-6.4S 

-20. S5 

Gl-15 

3-06 

1.46 

-6.37 

-0.61 

-5.76 

-17.70 

Gl-16 

2.05 

1.21 

-3.29 

0.33 

-3.62 

-10.37 

Gl-17 

1.S5 

1.21 

-5.91 

-1.06 

-4.S5 

-6.88 

Gl-18 

0.47 

0.97 

-12.53 

-7.69 

-4.84 

22.21 

Gl-19 

0.63 

1.01 

-12.87 

-7.40 

-5.47 

17.34 

Gl-20 

0.52 

1.21 

-6.S8 

-9.79 

2.91 

79.49 

Gl-21 

1.10 

1.02 

-4.35 

-2.40 

-1.95 

24. OS 

Gl-22 

1.01 

0.83 

-6.93 

-1.15 

-5-78 

2.38 

Gl-23 

1.17 

0.61 

-5.71 

1.54 

-7.25 

-39. 55 

Gl-24 

0.77 

0.57 

-7.10 

0.49 

-7.59 

3.7S 

Gl-25 

0.28 

0.23 

-7.05 

1.22 

-8.27 

-13. 3S 

Gl-26 

-1.4S 

-0.43 

-12.73 

-O.SO 

-11.93 

-9.77 

Gl-27 

-2.47 

-o.so 

1.16 

0.S7 

0.29 

2S.87 

Gl-28 

1.26 

0.81 

-15.75 

1.10 

-16-85 

7.26 

Gl-29 

-0.22 

-0.04 

-2.51 

-1.24 

-1.27 

-37.07 

Gl-30 

0.00 

0.00 

3.25 

3.26 

-0.01 

-0.10 

[004 5] 133 (a.) li. 


s»«Tl*flfSr* 


0 . 0 1° 



(11) 
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(2) C9G1-1 ICfctJE) O^lRM^SSfllSSr^LTVi 
ft. ttc. 03 <b> tt. .mi^SPWTl >SI2^ 
SWT 2 k -rfttttCtt Lt-W^lc 0 . 0 1' ftttteM 
£-£ftk§ (-f (2 ) OG1-3 (C*tf5) iOfg'R 

^c^itfi^LT^ft,. S&fc. H3 (c) ii. SI1 
3t^g|5«T 1 k.® 27t^SC«T 2 fc*3#36»WT 3 fc 
&3W*fc*t L"C— *Wfc 0.01' * 

cfarsbt* ( 2 ) ogi-5 (cmie) ^ttusat^CBa 

^Ui^. 03 ( a) ~ <c ) *)#K6JRS* 

ft. 

[ 0 0 4 6 ] * ( 2 ) £*SW* k . m 1 ^f*»o 7 

-?JRS ( a-tffo ) **** < VX. -5 i k 

L,i : h 0/0 = 0. 34 29, 
L 12 : h 0/0 = 0. 34 09. 
Li? : h 0/0 = 0. 32SS. 
Lh : h0/* = 0. 28 9 9. 
L 2F : h0/*-0. 2 3 33. 
L„i : h 0/0 = 0. 1 S74. 

[ o o 4 s ] fits fypiraasrifro^^wu^* 

D s Z. ^m^MJ^Wi^- 0 (i 2 2 7 . 5 n i rn ft . t 

t z . *KBWi-c* * mM&vauziz* < tsmt & . 

6 0£3Ht*<NStftt k L T C7JH1 . 2 *> «t tfSS 3 3fc 

iu\ zotitb. ^mmmxu. mmszbixv* 

1 HlSgEttk LT»JB 1 ft^SGtt -** 

x^/'XLn) t i tstas-*- *«w)#as**h a . sup 
saitfWtM"* ito* 2 iig^gnw t utwi 2 m^sb 

» (SflkyXL.^WL^) T2 5rfltiii-f*B*tf>St 
i±i?g£ h b . £|$llCKfc IX \s+9iV (lift*) no 

a^f*^*»^<7)^^/#a^^iu^^3i!gESi5Wk 
ltomb 3 ( mau >xu* xkvnwu >x 
L 2 F ) t 3 &itaji-*«*oWHiK* h c. . mmmt L 

X^ "j-9)V Cm I ft* ) RtfJfefcftfci* 5: Y k f ft k 

§ . ^LTOftftA ( a. ) — (c) SrttJ£L/tlr*&. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 


[Claim(s)] 

[Claim 1] In the projection aligner equipped with the illumination-light study system for illuminating the 
1st body, and the projection optics for projecting the image of said 1st body illuminated by this 
illumination-light study system on the 2nd body The 1st lens group in which said projection optics has 
forward refractive power sequentially from said 1st body side, The 2nd lens group which has negative 
refractive power, and the 3rd lens group which has forward refractive power, It has the 4th lens group 
which has negative refractive power, the 5th lens group which has forward refractive power, and the 6th 
lens group which has forward refractive power. Said projection optics By having the optical member 
which consisted of at least one lens which can incline in one to the optical axis in said 1st lens group and 
said 2nd lens group, and making said optical member incline to an optical axis the rotation which 
remains in said projection optics — the projection aligner characterized by amending a gap or the 
eccentric astigmatism of an unsymmetrical image position. 

[Claim 2] The 1st optical member by which said optical member was constituted from at least one lens 
which can incline in one to the optical axis in said 1st lens group and said 2nd lens group, It consists of 
at least one lens which can incline in one to an optical axis in said 1st lens group and said 2nd lens 
group. The 2nd optical member which can incline independently with said 1st optical member, Consist 
of at least one lens which can incline in one to an optical axis in said 1st lens group and said 2nd lens 
group, and it becomes said 1st optical member and said 2nd optical member from the 3rd optical 
member which can incline independently, the rotation which remains in said projection optics by 
making said 1st optical member, said 2nd optical member, and said 3rd optical member incline to an 
optical axis, respectively - the projection aligner according to claim 1 characterized by amending a gap 
and the eccentric astigmatism of an unsymmetrical image position independently. 
[Claim 3] It is the focal distance of said 1st lens group fl It carries out and is the focal distance of said 
2nd lens group f2 It carries out. It is the focal distance of said 3rd lens group fi It carries out and is the 
focal distance of said 4th lens group f4 It carries out and is the focal distance of said 5th lens group f5 It 
carries out and is the focal distance of said 6th lens group f6 When carrying out and setting shaft top 
distance from said 1st body to said 2nd body to L, fl / L< 0.8 (1) 
-0.033<f2/L(2) 
O.OKfi /L<1.0(3) 
f4 /L<-0.005 (4) 
O.OKfS /L<0.9 (5) 
0.02<f6/L<1.6(6) 

The projection aligner according to claim 1 or 2 characterized by satisfying ******, 
[Claim 4] The front lens of the negative refractive power which said 2nd lens group has been arranged 
most at the 1st body side, and turned the concave surface to said 2nd body side, The back lens of the 
negative meniscus configuration where it has been arranged most at the 2nd body side, and the concave 
surface was turned to said 1st body side, It has the middle lens group arranged between said front lenses 
and said back lenses. Said middle lens group A projection aligner given in claim 1 characterized by 
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having at least the 1 st lens which has forward refractive power, the 2nd lens which has negative 
refractive power, and the 3rd lens which has negative refractive power sequentially from said 1st body 
side thru/or any 1 term of 3 . 

[Claim 5] It is 1.0<I/L, when setting shaft top distance from said 1st body to the 1st body side focus of 
said whole projection optics to I and setting shaft top distance from said 1st body to said 2nd body to L. 
(7) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 4. 
[Claim 6] It is r2Ff about the radius of curvature of the field by the side of the 1st body of said front lens 
in said 2nd lens group. It carries out and is r2Fr about the radius of curvature of the field by the side of 
the 2nd body of said front lens. When carrying out 1.00 <=(r2Ff-r2Fr)/(r2Ff+r2Fr) <5.0 (8) , 
A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 5. 
[Claim 7] When setting axial sky mind spacing between said 5th lens groups and said 6th lens groups to 
d56 and setting shaft top distance from said 1st body to said 2nd body to L, it is d56 / L< 0.017. (9) 
A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 6. 
[Claim 8] said 6th lens group - most ~ the radius of curvature of the lens side by the side of the 1st 
body » r6F - carrying out - the 6th lens group - most - the shaft top distance from the lens side by the 
side of the 1st body to the 2nd body - d6 ** - the time of carrying out - 0.50 - < - d6/r6F<1.50 (10) 
A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 7. 
[Claim 9] When setting the focal distance of said front lens in said 2nd lens group to f2F and setting the 
focal distance of said back lens in said 2nd lens group to f2R, it is 0 <=f2 F/f2R<18. (11) 
A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 8. 
[Claim 10] Said 1 st lens group has at least two positive lenses. Said 3rd lens group It has at least three 
positive lenses. Said 4th lens group It is a projection aligner given in claim 1 characterized by having at 
least three negative lenses, for said 5th lens group having at least five positive lenses and at least one 
negative lens, and said 6th lens group having at least one positive lens thru/or any 1 term of 9. 
[Claim 1 1] It is the incidence quantity to the lens side of the chief ray from the point of the maximum 
body quantity on said 1st body hO It is the incidence quantity to the lens side of the oblique ray which 
carries out and has the maximum numerical aperture from the axial choice-goods point on said 1st body 
hi The lens which constitutes said optical member when carrying out and setting the maximum effective 
diameter of said projection optics to phi is 0. 170<h0 / phi. (12) 
hi /phi< 0.35 (13) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 10. 
[Claim 12] In the projection aligner equipped with the illumination-light study system for illuminating 
the 1st body, and the projection optics for projecting the image of said 1st body illuminated by this 
illumination-light study system on the 2nd body It has an optical member for amending a gap or the 
eccentric astigmatism of an unsymmetrical image position, the rotation which said projection optics 
consists of at least one lens which can incline in one to an optical axis, and remains in said projection 
optics - It is the incidence quantity to the lens side of the chief ray from the point of the maximum body 
quantity on said 1st body hO It carries out. It is the incidence quantity to the lens side of the oblique ray 
which has the maximum numerical aperture from the axial choice-goods point on said 1st body hi The 
lens which constitutes said optical member when carrying out and setting the maximum effective 
diameter of said projection optics to phi is 0. 170<h0 / phi. (12) 
hi /phi< 0.35 (13) 

The projection aligner characterized by satisfying ******. 

[Claim 13] The 1st optical member by which said optical member was constituted from at least one lens 
which can incline in one to the optical axis, It consists of at least one lens which can incline in one to an 
optical axis. The 2nd optical member which can incline independently with said 1st optical member, 
Consist of at least one lens which can incline in one to an optical axis, and it becomes said 1st optical 
member and said 2nd optical member from the 3rd optical member which can incline independently, the 
rotation which remains in said projection optics by making said 1st optical member, said 2nd optical 
member, and said 3rd optical member incline to an optical axis, respectively — the projection aligner 
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according to claim 12 characterized by amending a gap and the eccentric astigmatism of an 
unsymmetrical image position independently. 


[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the aberration amendment in the projection aligner for 

semi-conductor manufacture especially about a projection aligner. 

[0002] 

[Description of the Prior Art] For example, in the projection aligner used for manufacture of a 
semiconductor device, the engine performance demanded from projection optics is still severer along 
with detailed-izing of the pattern of an integrated circuit. In such a situation, high resolving power, the 
surface smoothness of the image surface, little distortion (distortion aberration), etc. are demanded about 
projection optics. For this reason, in order to acquire high resolution, for example, exposure wavelength 
lambda is shortened or numerical aperture NA of projection optics is enlarged. Moreover, a curvature of 
field is made small and efforts to mitigate distortion aberration are made. 
[0003] 

[Problem(s) to be Solved by the Invention] Thus, the lens number of sheets which constitutes projection 
optics increased, and the configuration is increasingly complicated as a military requirement becomes 
severe. For this reason, in order to suppress many aberration, such as a curvature of field of projection 
optics, astigmatism, and distortion aberration, in the condition of having carried in the projection aligner, 
as a design value and to demonstrate desired high performance, it is necessary to make high each 
manufacture precision and assembly precision of lens components which constitute projection optics, 
however - the projection optics carried in the projection aligner even if it made high each manufacture 
precision and assembly precision of lens components — especially - rotation -- many aberration, such as 
a gap of an unsymmetrical image position and eccentric astigmatism, will remain, here ~ rotation — a 
gap of the image position from the ideal image point is in an unsymmetrical aberration condition about 
an optical axis, and a gap of an unsymmetrical image position is the so-called distortion aberration. 
Moreover, eccentric astigmatism is astigmatism which originates in the eccentricity of the optical axis of 
each lens, and the design optical axis of projection optics, and is generated. 
[0004] this invention is made in view of the above-mentioned technical problem - having - a 
manufacture error, an assembly error, etc. - originating - projection optics - rotation - even if many 
aberration, such as a gap of an unsymmetrical image position and eccentric astigmatism, remains, it aims 
at offering the highly efficient projection aligner excellent in the repeatability which can amend these 
residual aberrations at any time where projection optics is carried. 
[0005] 

[Means for Solving the Problem] In order to solve said technical problem, it sets to the 1st invention of 
this invention. In the projection aligner equipped with the illumination-light study system for 
illuminating the 1st body, and the projection optics for projecting the image of said 1st body illuminated 
by this illumination-light study system on the 2nd body The 1st lens group in which said projection 
optics has forward refractive power sequentially from said 1st body side, The 2nd lens group which has 
negative refractive power, and the 3rd lens group which has forward refractive power, It has the 4th lens 
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group which has negative refractive power, the 5th lens group which has forward refractive power, and 
the 6th lens group which has forward refractive power. Said projection optics By having the optical 
member which consisted of at least one lens which can incline in one to the optical axis in said 1st lens 
group and said 2nd lens group, and making said optical member incline to an optical axis the rotation 
which remains in said projection optics - the projection aligner characterized by amending a gap or the 
eccentric astigmatism of an unsymmetrical image position is offered. 

[0006] According to the desirable mode of the 1st invention, said optical member The 1st optical 
member which consisted of at least one lens which can incline in one to the optical axis in said 1st lens 
group and said 2nd lens group, It consists of at least one lens which can incline in one to an optical axis 
in said 1st lens group and said 2nd lens group. The 2nd optical member which can incline independently 
with said 1st optical member, Consist of at least one lens which can incline in one to an optical axis in 
said 1st lens group and said 2nd lens group, and it becomes said 1st optical member and said 2nd optical 
member from the 3rd optical member which can incline independently, the rotation which remains in 
said projection optics by making said 1st optical member, said 2nd optical member, and said 3rd optical 
member incline to an optical axis, respectively a gap and the eccentric astigmatism of an 
unsymmetrical image position are amended independently. 

[0007] Moreover, according to the desirable mode of the 1st invention, the focal distance of said 1st lens 
group is set to f 1 . It is the focal distance of said 2nd lens group f2 It carries out and is the focal distance 
of said 3rd lens group f3 It carries out. It is the focal distance of said 4th lens group f4 It carries out and 
is the focal distance of said 5th lens group f5 It carries out and is the focal distance of said 6th lens group 
f6 When carrying out and setting shaft top distance from said 1st body to said 2nd body to L, it is fl / L< 
0.8. (1) 

-0.033<f2/L(2) 
0.0 Kf3 /L<1.0(3) 
f4 /L<-0.005 (4) 
0.01<f5 /L<0.9 (5) 
0.02<f6/L<1.6(6) 
****** j s satisfied. 

[0008] In the projection aligner equipped with the illumination-light study system for illuminating the 
1st body, and the projection optics for projecting the image of said 1st body illuminated by this 
illumination-light study system on the 2nd body in the 2nd invention of this invention It has an optical 
member for amending a gap or the eccentric astigmatism of an unsymmetrical image position, the 
rotation which said projection optics consists of at least one lens which can incline in one to an optical 
axis, and remains in said projection optics — It is the incidence quantity to the lens side of the chief ray 
from the point of the maximum body quantity on said 1st body hO It carries out. It is the incidence 
quantity to the lens side of the oblique ray which has the maximum numerical aperture from the axial 
choice-goods point on said 1st body hi The lens which constitutes said optical member when carrying 
out and setting the maximum effective diameter of said projection optics to phi is 0. 170<h0 / phi. (12) 
hl/phi<0.35(13) 

The projection aligner characterized by satisfying ****** is offered. 

[0009] According to the desirable mode of the 2nd invention, said optical member The 1st optical 
member which consisted of at least one lens which can incline in one to the optical axis, It consists of at 
least one lens which can incline in one to an optical axis. The 2nd optical member which can incline 
independently with said 1st optical member, Consist of at least one lens which can incline in one to an 
optical axis, and it becomes said 1st optical member and said 2nd optical member from the 3rd optical 
member which can incline independently, the rotation which remains in said projection optics by 
making said 1st optical member, said 2nd optical member, and said 3rd optical member incline to an 
optical axis, respectively - a gap and the eccentric astigmatism of an unsymmetrical image position are 
amended independently. 
[0010] 

[Embodiment of the Invention] The projection optics of this invention is equipped with the 1st lens 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 5/12/2004 


Page 3 of 13 


group which has forward refractive power, the 2nd lens group which has negative refractive power, the 
3rd lens group which has forward refractive power, the 4th lens group which has negative refractive 
power, the 5th lens group which has forward refractive power, and the 6th lens group which has forward 
refractive power sequentially from the 1st body side. 

[001 1] The 1st lens group which has forward refractive power has mainly contributed to amendment of 
distortion, maintaining tele cent rucksack nature. A forward distortion was generated in the 1st lens 
group, and, specifically, a negative distortion generated in two or more lens groups arranged rather than 
the 1st lens group at the 2nd body side is amended with sufficient balance. The 4th lens group which has 
the 2nd lens group and the negative refractive power which have negative refractive power mainly 
contributes to amendment of the PETTSU bar sum, and is attaining flattening of the image surface. The 
2nd lens group which has negative refractive power, and the 3rd lens group which has forward refractive 
power form the reverse looking-far system, and has contributed to reservation of the back focus (most 
shaft top distance [ Projection optics ] from the lens side by the side of the 2nd body to the 2nd body) of 
projection optics. The 6th lens group which has the 5th lens group and the same forward refractive 
power which have forward refractive power has contributed mainly to suppressing generating of 
distortion, and suppressing generating of spherical aberration as much as possible, especially since it 
corresponds to high NA-ization by the side of the 2nd body enough. 

[0012] In this invention, it has the optical member as controller material which consisted of at least one 
lens which can incline in one to the optical axis in the 1st lens group and the 2nd lens group. It is 
advantageous to amending the lens in the 1st lens group and the 2nd lens group, and the aberration about 
distortion aberration and the image surface since the chief ray from the point of the maximum body 
quantity on the 1st body separates and passes from an optical axis with the lens in the 1st lens group 
especially. Therefore, the inclination direction component (henceforth "S-dist") of the gap (henceforth 
"M-dist") from the ideal image point of the image position of the inclination direction and the gap from 
the ideal image point of the image position of the inclination direction and the direction which intersects 
perpendicularly can be generated by making the optical member (controller material) which consists of 
these lenses incline to an optical axis. Moreover, it can generate, the difference, i.e., the astigmatic 
difference, of a meridional image surface and the sagittal image surface. 

[0013] In this way, the eccentric astigmatism which remains for example, in projection optics can be 

amended by making one optical member incline to an optical axis, moreover, the rotation which remains 

in projection optics by making two optical members (controller material) which can incline incline to an 

optical axis mutually -independent — a gap of an unsymmetrical image position can be amended. 

furthermore, the rotation which remains in projection optics by making three optical members which can 

incline incline to an optical axis mutually-independent - a gap and the eccentric astigmatism of an 

unsymmetrical image position can be amended independently, therefore — this invention — a 

manufacture error, an assembly error, etc. — originating - projection optics - rotation - even if many 

aberration, such as a gap of an unsymmetrical image position and eccentric astigmatism, remains, where 

projection optics is carried, these residual aberrations can be amended at any time. 

[0014] In addition, in this invention, it is desirable to satisfy following conditional-expression (1) - (6). 

fl /L<0.8 (1) 

-0.033<f2/L(2) 

0.0Kf3 /L<1.0(3) 

f4 /L<-0.005 (4) 

0.01<f5/L<0.9(5) 

0.02<f6/L<1.6(6) 

[0015] At conditional expression (1), it is the focal distance fl of the 1st lens group of forward refractive 
power. The optimal ratio with the shaft top distance (length between object images) L from the 1st body 
(reticle etc.) to the 2nd body (wafer etc.) is specified. Conditional expression (1) is the conditional 
expression for mainly amending distortion with sufficient balance. If it exceeds the upper limit of 
conditional expression (1), since a negative distortion will occur greatly, it is not desirable. In addition, 
while attaining miniaturization, securing a predetermined contraction scale factor and a large 
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predetermined exposure field, in order to amend distortion still better, it is desirable to set the upper 
limit of conditional expression (1) to 0.14. Moreover, in order to suppress generating of the spherical 
aberration of a pupil still better, it is desirable to set a lower limit as conditional expression (1), and to 
set the value to 0.02. 

[0016] At conditional expression (2), it is the focal distance f2 of the 2nd lens group of negative 
refractive power. The optimal ratio with the shaft top distance (length between object images) L from 
the 1st body to the 2nd body is specified. Conditional expression (2) is the conditional expression for 
attaining miniaturization, securing a large exposure field, and amending the PETTSU bar sum good. If 
less than the lower limit of conditional expression (2), since it not only becomes difficult to attain 
miniaturization, but the forward PETTSU bar sum will occur, securing a large exposure field, it is not 
desirable. In addition, for achievement of the further miniaturization, or still better amendment of the 
PETTSU bar sum, it is desirable to set the lower limit of conditional expression (2) to -0.032. Moreover, 
in order to suppress generating of a negative distortion still better, it is desirable to set a upper limit as 
conditional expression (2), and to set the value to -0.005. 

[0017] At conditional expression (3), it is the focal distance f3 of the 3rd lens group of forward 
refractive power. The optimal ratio with the shaft top distance (length between object images) L from 
the 1st body to the 2nd body is specified. If less than the lower limit of conditional expression (3), the 
refractive power of the 2nd lens group or the refractive power of the 4th lens group will become strong. 
Consequently, since a negative distortion and generating of comatic aberration are caused in the 2nd lens 
group and generating of comatic aberration is caused in the 4th lens group, it is not desirable. On the 
other hand, if it exceeds the upper limit of conditional expression (3), since the refractive power of the 
2nd lens group or the 4th lens group becomes weak and it becomes impossible to amend the PETTSU 
bar sum good, it is not desirable. 

[0018] At conditional expression (4), it is the focal distance f4 of the 4th lens group of negative 
refractive power. The optimal ratio with the shaft top distance (length between object images) L from 
the 1st body to the 2nd body is specified. If it exceeds the upper limit of conditional expression (4), 
since comatic aberration occurs, it is not desirable. In addition, in order to suppress generating of 
comatic aberration still better, it is desirable to set the upper limit of conditional expression (4) to -0.047. 
Moreover, in order to amend spherical aberration good, it is desirable to set a lower limit as conditional 
expression (4), and to set the value to -0.098. 

[0019] At conditional expression (5), it is the focal distance f5 of the 5th lens group of forward 
refractive power. The optimal ratio with the shaft top distance (length between object images) L from 
the 1st body to the 2nd body is specified. Conditional expression (5) is the conditional expression for 
amending spherical aberration, distortion, and the PETTSU bar sum with sufficient balance, maintaining 
the big numerical aperture NA. If less than the lower limit of conditional expression (5), the forward 
refractive power of the 5th lens group will become strong too much. Consequently, since not only a 
negative distortion but negative spherical aberration occurs serious in the 5th lens group, it is not 
desirable. On the other hand, if it exceeds the upper limit of conditional expression (5), the forward 
refractive power of the 5th lens group will become weak too much, and the negative refractive power of 
the 4th lens group will also become weak inevitably. Consequently, since it becomes impossible to 
amend the PETTSU bar sum good, it is not desirable. 

[0020] At conditional expression (6), it is the focal distance f6 of the 6th lens group of forward 
refractive power. The optimal ratio with the shaft top distance (length between object images) L from 
the 1st body to the 2nd body is specified. Conditional expression (6) is the conditional expression for 
suppressing generating of high order spherical aberration and a negative distortion, maintaining a big 
numerical aperture. If less than the lower limit of conditional expression (6), since a negative distortion 
will occur greatly in the 6th lens group itself, it is not desirable. On the other hand, if it exceeds the 
upper limit of conditional expression (6), since high order spherical aberration will occur, it is not 
desirable. 

[0021] Moreover, in the 2nd lens group, it is most desirable to the 1st body side that the front lens which 
has the negative refractive power which turned the concave surface to the 2nd body side is arranged. 
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This front lens can perform amendment of a curvature of field and comatic aberration good. 
Furthermore, in the 2nd lens group, it is most desirable to the 2nd body side that the back lens of the 
negative meniscus configuration where the concave surface was turned to the 1st body side is arranged. 
With this back lens, while mainly amending comatic aberration good, amendment of a curvature of field 
can also be performed. Moreover, in the 2nd lens group, it is desirable that the middle lens group which 
has at least the 1st lens which has forward refractive power, the 2nd lens which has negative refractive 
power, and the 3rd lens which has negative refractive power sequentially from the 1st body side between 
a front lens and a back lens is arranged. In this case, negative distortion generated with this 1st lens in 
the 2nd lens and the 3rd lens which have been greatly contributed to amendment of a curvature of field 
can be amended good. 

[0022] Moreover, in this invention, it is desirable to satisfy the following conditional expression (7). 
1.0<I/L(7) 

Conditional expression (7) has prescribed the optimal ratio of the shaft top distance I from the 1st body 
to the 1st body side focus of the whole projection optics, and the shaft top distance L from the 1st body 
to the 2nd body. Here, the 1st body side focus of the whole projection optics means the point that the 
light of the paraxial field is injected from projection optics, and crosses an optical axis, when carrying 
out incidence of the parallel light in a paraxial field from the 2nd body side of projection optics to the 
optical axis of projection optics. 

[0023] If less than the lower limit of conditional expression (7), the tele cent rucksack nature by the side 
of the 1st body of projection optics will collapse sharply, and fluctuation of distortion will become large 
at the fluctuation list of the scale factor resulting from a gap of the direction of an optical axis of the 1st 
body. Consequently, since it becomes difficult to project the image of the 1st body on the 2nd body 
faithfully under a desired scale factor, it is not desirable. In addition, in order to suppress fluctuation of 
distortion still better in the fluctuation list of the scale factor resulting from a gap of the direction of an 
optical axis of the 1st body, it is desirable to set the lower limit of conditions (7) to 1.7. Moreover, in 
order to amend the spherical aberration and distortion of a pupil with both sufficient balance, 
maintaining miniaturization of projection optics, it is desirable to set a upper limit as conditional 
expression (7), and to set the value to 6.8. 

[0024] Moreover, it sets to this invention and is r2Ff about the radius of curvature of the field by the side 
of the 1st body of the front lens in the 2nd lens group. It carries out and is r2Fr about the radius of 
curvature of the field by the side of the 2nd body of a front lens. When carrying out, it is desirable to 
satisfy the following conditional expression (8). 
1.00 <=(r2Ff-r2Fr)/(r2Ff+r2Fr) <5.0 (8) 

If less than the lower limit of conditional expression (8), since it becomes impossible to fully amend 
spherical aberration of a pupil, it is not desirable. On the other hand, if it exceeds the upper limit of 
conditional expression (8), since comatic aberration occurs, it is not desirable. 

[0025] Moreover, in this invention, when setting axial sky mind spacing between the 5th lens group and 
the 6th lens group to d56 and setting shaft top distance from the 1st body to the 2nd body to L, it is 
desirable to satisfy the following conditional expression (9). 
d56/L<0.017(9) 

If it exceeds the upper limit of conditional expression (9), air spacing between the 5th lens group and the 
6th lens group will become large, and the yield of a forward distortion will become small. Consequently, 
since it becomes difficult to amend a negative distortion generated in the positive lens in the 5th lens 
group with sufficient balance, it is not desirable. 

[0026] moreover, this invention ~ setting ~ the 6th lens group - most - the radius of curvature of the 
lens side by the side of the 1st body ~ r6F ~ carrying out - the 6th lens group - most ~ the shaft top 
distance from the lens side by the side of the 1st body to the 2nd body - d6 ** - when carrying out, it is 
desirable to satisfy the following conditional expression (10). 
0.50<d6/r6F<1.50(10) 

If less than the lower limit of conditional expression (10), since the forward refractive power of the lens 
side by the side of the 1st body becomes strong too much most, and a negative distortion and comatic 
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aberration occur greatly, it is not [ of the 6th lens group ] desirable. If it exceeds the upper limit of 
conditional expression (10), since the forward refractive power of the lens side by the side of the 1st 
body becomes weak too much most, and comatic aberration occurs greatly, it is not [ of the 6th lens 
group ] desirable. In addition, in order to suppress generating of comatic aberration still better, it is 
desirable to set the lower limit of conditional expression (10) to 0.84. 

[0027] Moreover, in this invention, it is desirable to satisfy the following conditional expression (1 1). 
0<=f2F/f2R<18(ll) 

Conditional expression (11) has prescribed the optimal ratio of focal distance f2R of the back lens in the 
2nd lens group, and focal distance f2F of the front lens in the 2nd lens group. If it deviates from the 
range limited by the lower limit and upper limit of conditional expression (1 1), since it will become 
difficult for the balance of the refractive power of the 1st lens group or the 3rd lens group to collapse, 
and to amend distortion good or to amend the PETTSU bar sum and astigmatism good to coincidence, it 
is not desirable. 

[0028] In order to specifically demonstrate sufficient aberration function in each lens group which 
constitutes projection optics, constituting as follows is desirable. In order to demonstrate the function to 
suppress generating of the spherical aberration of a pupil in a high order distortion list in the 1st lens 
group, it is desirable that the 1st lens group has at least two positive lenses. Moreover, in order to 
demonstrate the function to suppress aggravation of spherical aberration and the PETTSU bar sum in the 
3rd lens group, it is desirable that the 3rd lens group has at least three positive lenses. Furthermore, in 
order to demonstrate the function to suppress generating of comatic aberration, amending the PETTSU 
bar sum in the 4th lens group, it is desirable that the 4th lens group has at least three negative lenses. 
[0029] Moreover, in order to demonstrate the function to suppress a negative distortion and generating 
of spherical aberration in the 5th lens group, it is desirable that the 5th lens group has at least five 
positive lenses. Furthermore, in order to demonstrate the function which amends a negative distortion 
and the negative PETTSU bar sum in the 5th lens group, it is desirable that the 5th lens group has at 
least one negative lens. Moreover, in order to make it condense on the 2nd body so that spherical 
aberration may not be greatly generated in the 6th lens group, it is desirable that this 6th lens group has 
at least one positive lens. 

[0030] In addition, as mentioned above, in order to amend distortion aberration and the aberration about 
the image surface, it is advantageous to constitute an optical member (controller material) using a lens 
with which the location through which the chief ray from the point of the maximum body quantity on 
the 1st body passes is distant from the optical axis. Therefore, as for the lens which constitutes the 
optical member as controller material, in this invention, it is desirable to satisfy the following 
conditional expression (12) and (13). 
0.170<h0/phi(12) 
hl/phi< 0.35(13) 

[003 1] Here, it is hO. : Incidence quantity when carrying out incidence to the lens side of the lens with 
which the chief ray from the point of the maximum body quantity on the 1st body constitutes projection 
optics, Or incidence quantity hi when carrying out incidence to the lens side in the optical member 
(controller material) before the chief ray from the point of the maximum body quantity on the 1st body 
inclines : Incidence quantity when carrying out incidence to the lens side of the lens with which the 
oblique ray which has the maximum numerical aperture from the axial choice-goods point on the 1st 
body constitutes projection optics, Or incidence quantity phi when carrying out incidence to the lens side 
in the optical member (controller material) before the oblique ray which has the maximum numerical 
aperture from the axial choice-goods point on the 1st body inclines : The maximum effective diameter of 
projection optics (diameter) 

when the lens which constitutes an optical member satisfies conditional expression (12) and (13), 
without it generates other aberration greatly - rotation - a gap and the eccentric astigmatism of an 
unsymmetrical image position can be amended. 

[0032] The example of this invention is explained based on an accompanying drawing. Drawing 1 is 
drawing showing roughly the configuration of the projection aligner concerning the example of this 
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invention. Moreover, drawing 2 is drawing showing the lens configuration of the projection optics PL of 
drawing 1 . In drawing 1 , the reticle R as the projection original edition with which the predetermined 
circuit pattern was formed in the body side of projection optics PL (the 1st body) is arranged, and the 
wafer W as a photosensitive substrate (the 2nd body) is arranged in the image surface of projection 
optics PL. Here, Reticle R is held on the reticle stage RS, and Wafer W is held on the wafer stage WS 
constituted movable two-dimensional in the field perpendicular to the optical axis AX of projection 
optics PL. 

[0033] Moreover, above Reticle R, the illumination-light study equipment IS for carrying out 
homogeneity lighting of the reticle R is arranged. In the interior of illumination-light study equipment 
IS, it is for example, i line (365nm). The light source like the mercury lamp which supplies light is 
arranged. The light supplied from illumination-light study equipment IS illuminates Reticle R, and the 
image of the light source in illumination-light study equipment IS is formed in the pupil location 
(location of aperture-diaphragm AS) of projection optics PL. That is, illumination-light study equipment 
IS carries out homogeneity lighting of the reticle R under Koehler illumination. And the pattern image 
of the reticle R in which Koehler illumination was carried out by projection optics PL is exposed on 
Wafer W (imprint). 

[0034] And a wafer process ends the wafer which passed through the process (photolithography process) 
of exposure by the projection aligner shown in drawing 1 through the process of resist removal of 
removing the unnecessary resist after the process of etching of removing parts other than the resist 
developed since it passes the process to develop, and the process of etching etc. And finally termination 
of a wafer process manufactures the semiconductor devices (LSI etc.) as a device like an actual erector 
through each process, such as dicing which was able to be burned and which cuts and chip-izes a wafer 
for every circuit, bonding which gives wiring etc. to each chip, and packaging which carries out 
packaging for every chip. In addition, although the example which manufactures a semiconductor device 
according to the photolithography process in the wafer process which used the projection aligner was 
shown above, a liquid crystal display component, the thin film magnetic head, and image sensors (CCD 
etc.) can be manufactured as a semiconductor device according to the photolithography process using an 
aligner. 

[0035] the 1st lens group Gl in which projection optics PL has forward refractive power sequentially 
from the reticle R side as the 1st body when drawing 2 is referred to the 2nd lens group G2 which has 
negative refractive power 3rd lens group G3 which has forward refractive power The 4th lens group G4 
which has negative refractive power The 5th lens group G5 which has forward refractive power The 6th 
lens group G6 which has forward refractive power from — it is constituted. In a body and image side 
(Reticle R side) (Wafer W side), projection optics PL is a tele cent rucksack substantially, and has a 
contraction scale factor. 

[0036] The 1st lens group Gl Sequentially from the body side, it consists of a negative meniscus lens 
LI 1 which turned the concave surface to the image side, a biconvex lens L12 which turned the convex 
to the body side, and two biconvex lenses L13 and L14 to which the field of curvature strong against a 
body side was turned. The 2nd lens group G2 It consists of middle lens group G2M which are arranged 
between biconcave lens L2F (front lens) arranged most at the body side, negative meniscus lens L2R 
(back lens) which has been arranged most at the image side and turned the concave surface to the body 
side, and biconcave lens L2F and negative meniscus lens L2R, and have negative refractive power. 
Middle lens group G2M consist of a biconvex lens LM1 (the 1st lens) to which the field of curvature 
strong against an image side was turned sequentially from the body side, a biconcave lens LM2 (the 2nd 
lens) to which the field of curvature strong against an image side was turned, and a biconcave lens LM3 
(the 3rd lens) to which the field of curvature strong against a body side was turned. 
[0037] 3rd lens group G3 It consists of two positive meniscus lenses L3 1 and L32 to which the field of 
curvature strong against an image side was turned sequentially from the body side, biconvex lenses L33, 
a biconvex lens L34 to which the field of curvature strong against a body side was turned, and a positive 
meniscus lens L35 to which the field of curvature strong against a body side was turned. The 4th lens 
group G4 Sequentially from the body side, it consists of two negative meniscus lenses L41 and L42 
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which turned the concave surface to the image side, the negative meniscus lens L43 which turned the 
concave surface to the body side, a biconcave lens L44, a positive meniscus lens L45 which turned the 
convex to the body side, and a biconcave lens L46 which turned the concave surface to the body side. 
[0038] The 5th lens group G5 Two biconvex lenses L51 and L52 which turned the convex to the image 
side sequentially from the body side, A biconvex lens L53 and the negative meniscus lens L54 which 
turned the concave surface to the body side, It consists of a biconvex lens L55 to which the field of 
strong curvature was turned by the body side, two positive meniscus lenses L56 and L57 of the 
configuration where the field of strong curvature was turned by the body side, and a negative meniscus 
lens L58 which turned the concave surface to the image side. The 6th lens group G6 Sequentially from 
the body side, it consists of a biconvex lens L61 to which the field of strong curvature was turned by the 
body side, and a biconcave lens L62 which turned the concave surface to the body side. Moreover, 
aperture-diaphragm AS is arranged between the positive meniscus lens L45 and the biconcave lens L46. 
[0039] When drawing 1 is referred to again, to projection optics PL As the 1st controller material which 
contains the negative meniscus lens LI 1 which can incline to an optical axis As the **** 1 optical 
member Tl and the 2nd controller material which contains the biconvex lens L12 and biconvex lens L13 
which can incline in one to an optical axis 3rd optical member T3 as the **** 2 optical member T2 and 
the 3rd controller material which contains the biconvex lens LI 4 and biconcave lens L2F which can 
incline in one to an optical axis is prepared. It dissociates from the Maine lens-barrel M, and the 1st 
optical member Tl, the 2nd optical member T2, and 3rd optical member T3 are constituted mutually- 
independent. And between 3rd optical member T3 and the Maine lens-barrel M, two or more driver 
elements (DE1-DE3) like a piezo-electric element are prepared in the part (for example, three places) 
between the 2nd optical member T2 and 3rd optical member T3, respectively between the 1st optical 
member Tl and the 2nd optical member T2. 

[0040] Therefore, according to an operation of the driver element DE 1 between the 1st optical member 
Tl and the 2nd optical member T2, if only the 1st optical member Tl pulls, only a negative meniscus 
lens LI 1 inclines to an optical axis. Moreover, according to an operation of the driver element DE 2 
between the 2nd optical member T2 and 3rd optical member T3, if the 1st optical member Tl and the 
2nd optical member T2 pull, a negative meniscus lens LI 1, a biconvex lens LI 2, and a biconvex lens 
L13 incline in one to an optical axis. Furthermore, according to an operation of the driver element DE 3 
between 3rd optical member T3 and the Maine lens-barrel M, if the 1st optical member Tl, the 2nd 
optical member T2, and 3rd optical member T3 pull, a negative meniscus lens LI 1, a biconvex lens LI 2, 
a biconvex lens L13, a biconvex lens L14, and biconcave lens L2F incline in one to an optical axis. That 
is, it consists of this examples so that the 1st optical member Tl, the 2nd optical member T2, and 3rd 
optical member T3 can be made to incline independently to an optical axis, respectively. 
[0041] The value of the item of the projection optics PL in this example is hung up over the next table 
(1). In the table (1), the left end figure shows the refractive index [ as opposed to / in n / r / radius of 
curvature / of each lens side / d / the exposure wavelength of lambda= 365nm for each lens spacing ] for 
the sequence of each lens side from a body side (Reticle R side). Moreover, dO The 1st body (reticle R) 
to the 1st lens group Gl Most the shaft top distance to the lens side by the side of a body (Reticle R side) 
For beta, Bf is the 6th lens group G6 about the projection scale factor of projection optics PL. Most the 
shaft top distance from the lens side by the side of an image (Wafer W side) to the image surface (the 
Wth page of wafer) L expresses the numerical aperture [ NA ] by the side of the image of projection 
optics PL (Wafer W side), respectively, the shaft top distance, i.e., the length between object images, 
from a body side (the Rth page of reticle) to the image surface (the Wth page of wafer). 
[0042] 
[Table 1] 
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do 

= 94.97557 



B 

= 1/5 



NA 

= 0.57 



B f 

= 22. 68864 



L 

= 1100 




r 

d 

n 

1 

758. 59372 

18.01962 

1.66638 

2 

273.07409 

8.00000 


3 

407.25600 

34.43806 

1. 53627 

4 

-305.98082 

0.50000 


5 

200.00000 

36.31512 

1.53627 

6 

-950.89920 

0. 50000 


7 

251. 35670 

36. 00000 

1. 53627 

8 

-1111.20100 

5.00000 


9 

-3000.00000 

13.00000 

1.66638 

10 

103. 53326 

19.34714 


11 

583.43731 

21.86239 

1.53627 

12 

-202. 73262 

3.71513 


13 

-389. 07550 

13.00000 

1. 53627 

14 

118. 39346 

25. 82991 


15 

-119.29984 

13. 00000 

1. 53627 

16 

228.68065 

35. 35939 


17 

-118. 78231 

15. 61439 

1.53627 

IB 

-2000.00000 

15. 00000 


19 

-534.21970 

30. 58806 

1. 53627 

20 

-172.96367 

0.50000 


21 

-3045.95900 

30.55054 

1. 53627 

22 

-252. 31005 

0.50000 


23 

787.95642 

31.33960 

1.53627 

24 

-470. 11486 

0.50000 


25 

429.05519 

31.10739 

1.53627 

26 

-1033. 56100 

0.50000 


27 

276. 54228 

29.82671 

1.53627 

28 

3383.80700 

0.50000 


29 

200. 56082 

25.00000 

1. 53627 

30 

149.82206 

51. 17799 


31 

191. 38232 

25. 00000 

1. 53627 

32 

122. 34204 

25. 15581 


33 

-276. 65501 

13.00000 

1.66638 

34 

-597.90043 

9.14516 


35 

-190. 18194 

13.00000 

1.66638 

36 

360. 79756 

3. 75310 


37 

434.45763 

13.00000 

1. 53627 

38 

643. 56408 

31.17056 


39 

-951. 39487 

20.00000 

1.66638 
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40 

360. 75541 

3.46004 


41 

395.41239 

33.29191 

1.53627 

42 

-229.24043 

0.50000 


43 

405.02177 

21.76952 

1.53627 

44 

-1456.27300 

0.50000 


45 

334.62149 

34.87065 

1.53627 

46 

-316.02886 

8.19653 


47 

-226.66975 

20.00000 

1.66638 

48 

-421. 19119 

0. 50000 


49 

245.00959 

27.62592 

1.53627 

50 

-6478.64400 

0.50000 


51 

118.64887 

24.82664 

1.53627 

52 

182.84804 

0.50000 


53 

106.97354 

29.80517 

1.53627 

54 

305.86346 

2.86446 


55 

330. 12685 

13.00000 

1.66638 

56 

65.69252 

7.67289 


57 

76.63392 

29.80077 

1.53627 

58 

-405.45793 

2.41289 


59 

-314.04117 

20.42250 

1.53627 

60 

1180. 34000 

(Bf) 



(Value corresponding to conditions) 

(1) fl /L = 0.129(2)f2 /L =-0.030(3)f3 [L = 0.106(4)f4 /L =-0.070(5)f5 /L = 0.080(6)f6 /L = 0.143 (7) I/L 
= 2.02 (8) and (r2Ff-r2Fr) /(r2Ff+r2Fr) = 1.07 (9) d56/L = 0.007 (10) d6/r6F = 0.983 (1 1) f2F/f2R = 
0.635 [0043] It sets to the above-mentioned projection optics PL, and is Gl-n. The amount of fluctuation 
in the maximum body quantity of many aberration at the time of making only 0.01 degrees of shown 
lens groups incline to an optical axis (unit: micrometer) is shown in the next table (2). It sets to a table 

(2) and is Gl-n. Sequentially from the 1st body side, the lens group from the 1st negative meniscus lens 
LI 1 to the n-th lens is shown. Moreover, Astigmatism M shows the astigmatism of a meridional side 
and Astigmatism S shows the astigmatism of a sagittal side, respectively. The gap with the location 
where the top beam of light of the maximum numerical aperture from the point of the maximum body 
quantity on the 1st body furthermore carries out incidence of the coma sum to the 2nd body, and the 
location as for which the chief ray from the point of the maximum body quantity on the 1st body carries 
out incidence to the 2nd body, It is total with the gap with the location as for which the bottom beam of 
light of the maximum numerical aperture from the point of the maximum body quantity on the 1st body 
carries out incidence to the 2nd body, and the location as for which the chief ray from the point of the 
maximum body quantity on the 1st body carries out incidence to the 2nd body. Therefore, when the 
value of the coma sum is forward and the method comatic aberration of outside is [ the value of the 
coma sum ] negative, inner direction comatic aberration will occur. 

[0044] 
[Table 2] 

M-dist S-dist Astigmatism M Astigmatism S Astigmatic difference Coma sum Gl-1 0.95 0.24 - 1.18 - 
0.37-0.81 0.49G1-2 0.11 0.06 0.11 0.10 0.01 0.09G1-3 -0.21 -0.01 1.40 0.55 0.85-0.43G1-4 0.66 0.20 
1.29 0.52 0.77 - 0.42G1-5 0.210.21 -1.03-0.32-0.711. 12G1-6 0.51 0.18 - 1.42 -0.37-1.05 1.07G1-7 -0.24 
0.12-2.78 -1.12 - 1.66 3.45 Gl-8 0.10 0.12-5.33 -3.41 - 1.92 8.28G1-9-0.44-0.38 - 3.42 - 4.97 
1.5510.44G1-10 0.28 0.12 - 6.34 - 4.18 - 2.16 10.17G1-11 0.73 0.45 -6.25 - 2.70-3.55 4.95 Gl-12 1.23 
0.74 - 4.70 - 1.09 - 3.61 -4.94G1-132.15 1.1 1 - 4.49 - 0.31-4.18-14.52G1-143.77 1.66 - 7.53 - 1.05 -6.48 
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- 20.85G1-15 3.06 1.46 - 6.37 - 0.61-5.76-17.70G1-16 2.05 1.21 - 3.29 0.33-3.62 - 10.37G1-17 1.85 
1.21 -5.91 - 1.06 -4.85-6.88G1-18 0.47 0.97- 12.53 -7.69 -4.8422.21G1-19 0.631.01-12.87 - 7.40 - 
5.47 17.34G1-20 0.52 1.21 -6.88-9.79 2.9179.49 Gl-211.10 1.02-4.35-2.40- 1.95 24.08G1-22 1.01 
0.83 - 6.93 - 1.15 -5.78 2.38G1-231.17 0.61 -5.71 1.54 - 7.25 - 39.55G1-24 0.77 0.57 -7.10 0.49 - 7.59 
3.78G1-25 0.28 0.23 -7.05 1.22 - 8.27 -13.38G1-26 -1.48 -0.43-12.73-0.80 - 1 1.93 - 9.77G1-27 -2.47 - 
0.80 1.16 0.87 0.29 28.87G1-281.26 0.81-15.75 1.10 - 16.85 7.26G1-29 -0.22-0.04 -2.51 -1.24 -1.27 - 
37.07G1-30 0.00 0.00 3.25 3.26 -0.01-0.10 [0045] Drawing 3 (a) shows the amount of fluctuation of 
many aberration at the time (namely, Gl of a table (2) -1 correspondence) of making only the 0.01 
degrees only of the 1st optical members Tl incline to an optical axis. Moreover, drawing 3 (b) shows the 
amount of fluctuation of many aberration at the time (namely, Gl of a table (2) -3 correspondence) of 
making only the 1st optical member Tl and the 0.01 degrees of the 2nd optical members T2 incline in 
one to an optical axis. Furthermore, drawing 3 (c) shows the amount of fluctuation of many aberration at 
the time (namely, Gl of a table (2) -5 correspondence) of making only the 1st optical member Tl, the 
2nd optical member T2, and 0.01 degrees of 3rd optical member T3 incline in one to an optical axis. In 
addition, in drawing showing the astigmatism of drawing 3 (a) - (c), a broken line shows the astigmatism 
of a meridional side and the continuous line shows the astigmatism of a sagittal side, respectively. 
[0046] When a table (2) is referred to, it is lens group Gl-7 from the 1st body side to the 7th. When it is 
made to incline in one, it turns out that comatic aberration (coma sum) occurs greatly. That is, since the 
maximum body quantity in Wafer W is 15.6mm by the lens data of this example which the allowed 
value of comatic aberration (coma sum) is about 1/10000 value, and shows it in a table (1) experientially 
to the maximum body quantity in the wafer W as a photosensitive substrate (the 2nd body), the allowed 
value of comatic aberration (coma sum) is set to about 1.56 micrometers. In consideration of this point, 
each optical member (each controller material) consists of this examples using the lens from the 1st 
body side to the 5th. In addition, the lens used for 3rd optical member T3 from the 1st optical material 
Tl shows the value corresponding to conditions of conditional expression (12) and conditional 
expression (13) in the following tables (3), although it cannot be overemphasized that conditional 
expression (12) and (13) are satisfied. 
[0047] 
[Table 3] 

LI 1: h0/phi= 0.3429 hl/phi=0.0922L12:hO/phi= 0.3409 hl/phi=0.1206L13:hO/phi= 0.3288 
hl/phi=0.1295L14:hO/phi= 0.2899, hl/phi=0.1300 L2F:hO/phi= 0.2333 hl/phi=0.1296LMl:hO/phi= 
0.1874 hl/phi= 0.1550 [0048] However, the lens with the maximum effective diameter is L34, and the 
maximum effective diameter phi at this time is 227.5mm. Moreover, since the aberration which is a 
candidate for amendment influences image quantity greatly, it is desirable for injection quantities in case 
the chief ray from the maximum body quantity of Reticle (the 1st body) R injects the 1st, 2nd, and 3rd 
optical member as controller material as the projection original edition, respectively to differ. The 
injection quantity when injecting the 1st optical member (negative meniscus lens LI 1) Tl as the 1st 
controller material before the chief ray from the maximum body quantity of Reticle (the 1st body) R 
inclines as the projection original edition in this example For this reason, ha, The injection quantity 
when injecting the 2nd optical member (biconvex lenses LI 2 and LI 3) T2 as the 2nd controller material 
before the chief ray from the maximum body quantity of Reticle (the 1st body) R inclines as the 
projection original edition hb, The injection quantity when injecting 3rd optical member (biconvex lens 
L14 and biconcave lens L2F) T3 as the 3rd controller material before the chief ray from the maximum 
body quantity of Reticle (the 1st body) R inclines as the projection original edition he, When setting the 
maximum body quantity of the reticle (the 1st body) R as the projection original edition to Y, following 
conditional-expression (a) - (c) is satisfied. 
0.95<ha/Y (a) 
0.82<hb/Y<0.93 (b) 
0.52<hc/Y<0.72 (c) 

Here, the value corresponding to conditions of conditional-expression (a) - (c) is hung up over the 
following tables (4). 
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[0049] 
[Table 4] 

(a) ha/Y=0.9868 (b) hb/Y=0.9057 (c) hc/Y=0.5788[0050] However, the injection quantity when 
injecting the negative meniscus lens LI 1 which constitutes the 1st optical member Tl before ha inclines, 
The injection quantity when injecting the biconvex lens LI 3 of the 2nd optical member T2 before hb 
inclines most located in an image side, he shows the injection quantity when injecting biconcave lens 
L2F of 3rd optical member T3 before inclining most located in an image side, respectively, and the 
maximum body quantity Y of Reticle (the 1st body) R is 78mm as the projection original edition. 
[0051] As shown in drawing 3 , the include angle which makes the 1st optical member Tl incline is set 
to x, the include angle which makes the 1st optical member Tl and the 2nd optical member T2 incline in 
one is set to y, and the include angle which makes the 1st optical member Tl, the 2nd optical member 
T2, and 3rd optical member T3 incline in one is set to z. In this case, based on a table (2), M-dist, S-dist, 
and the astigmatic difference are expressed with following formula (d) - (f), respectively. In addition, in 
formula (d) - (f), the unit of x, and y and z is whenever whenever [ tilt-angle ]. 
M-dist = 0.95x-0.21y+0.21z(d) 
S-dist = 0.24x-0.01y+0.21z (e) 
Astigmatic difference = -0.81x+0.85y-0.71z (f) 

[0052] Therefore, what is necessary is just to control x-z (minute) whenever [ each tilt-angle ] in this 
example, to be set to x= 16.89, y=-0.03, and z=-19.3 1, in order to amend only 0.2 micrometers only of 
M-dist, for example, without generating S-dist and the astigmatic difference. Moreover, what is 
necessary is just to control x-z (minute) whenever [ each tilt-angle ] to be set to x=-2.90, y= 49.71, and 
z= 62.82, in order to amend only 0.2 micrometers only of S-dist, for example, without generating M-dist 
and the astigmatic difference. Furthermore, what is necessary is just to control x-z (minute) whenever 
[ each tilt-angle ] to be set to x= 4. 14, y= 14.70, and z=-4.03, in order to amend only 0.2 micrometers 
only of astigmatic difference, for example, without generating M-dist and S-dist. in this way, the 
rotation which remains in projection optics PL according to an operation of three optical members in this 
example - a gap and the eccentric astigmatism of an unsymmetrical image position can be amended 
independently. 

[0053] In addition, in the above-mentioned example, the piezo-electric element is used as a driver 
element for making each optical member incline to an optical axis. However, how to insert [ metallic 
thin plate / with a thickness of several micrometers to dozens of micrometers ] in two or more [ between 
each optical member ] as other methods of making each optical member incline to an optical axis, the 
approach using the driver element using the principle of a micrometer, etc. are considered. Moreover, 
based on the measured amount of aberration, the drive of each optical member Tl - T3 is automatable 
by forming a mark in a part [****] mutually [ a reticle and a wafer ], and using a controllable driver 
element electrically like a piezo-electric element, when carrying out aberration measurement based on 
the gap with the mark image of a reticle and the mark of a wafer which were projected on the wafer. 
[0054] For example, it becomes possible the configuration described below, then to regulate [ which 
were measured / of aberration ] automatically. While forming the light-receiving means D, such as an 
optoelectric transducer for aberration measurement, in the end of the wafer stage WS which specifically 
holds the wafer W shown in drawing 1 The amount calculation section of amendments which computes 
the amount of inclinations of each controller material (Tl - T3) based on the output signal from the 
light-receiving means D is prepared. Furthermore, regulating [ of the measured aberration ] 
automatically becomes possible with constituting so that driving members (DE1-DE3), such as a piezo- 
electric element prepared corresponding to each controller material (Tl - T3), may be made to drive 
based on the amendment signal from the amount calculation section of amendments, respectively. At 
this time, the amount calculation section of amendments is prepared in the interior of the control system 
CS which controls the mechanical component DU equipped with the interference system which 
measures the location of the wafer stage WS, the motor to which the wafer stage WS is moved, and 
controls the location of the wafer stage WS. In addition, formula (d) - (f) mentioned above is memorized 
by this amount calculation section of amendments. 
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[0055] And while making the test reticle in which much marks for aberration measurement were formed 
hold to a reticle stage instead of the reticle which performs the usual exposure and setting the pattern 
side of a test reticle to the body side of projection optics, the wafer stage WS is made to drive through a 
mechanical component DU, and the light-receiving means D is set up in the exposure field of projection 
optics. Then, a light-receiving means detects each mark image of the test reticle etc. in photoelectricity 
through projection optics. The amount calculation section of amendments inside a control system CS 
outputs an amendment signal to each driving member (DE1-DE3) after computing the amount of 
inclinations of each controller material (Tl - T3), and makes a driving member (DE1-DE3) drive based 
on the output signal from the light-receiving means acquired using the test reticle, respectively. The 
inclination of each controller material (Tl - T3) can be set automatically, respectively so that this may 
amend each aberration measured with the light-receiving means D. In addition, although the example 
which prepared the amendment member was shown in the above example when all projection optics was 
constituted from a refractility optical member, it cannot be overemphasized that it can apply to the 
projection optics of the reflective refraction mold containing a reflective mold optical member and a 
refractility optical member etc. for example, without restricting to this. 
[0056] 

[Effect] it explained above - as - this invention - a manufacture error, an assembly error, etc. - 
originating - projection optics - rotation - even if many aberration, such as an unsymmetrical image 
position and eccentric astigmatism, remains, the projection aligner which can amend these residual 
aberrations at any time where projection optics is carried is realizable. Consequently, even if it makes 
high neither manufacture precision nor assembly precision, highly precise projection exposure can be 
performed through the highly efficient projection optics which was always excellent in repeatability. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the worc j w hich can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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[Translation done.] 
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